It has long been known that fish skeletal debris in the form of bone fragments, shagreen denticles ("placoid scales") and small teeth is present in practically all pelagic sediments-often even in those described as "unfossiliferous" (Murray 1887 (Murray , 1910 Riedel 1963) . Thus, these skeletal fragments offer the only possible basis (aside from spores and pollen) for biostratigraphic interpretation of pelagic sediments lacking calcareous and siliceous microfossils.
One of the authors (P B.H.) recently has made a preliminary investigation offish debris in deep-sea sediment cores, with a view to determining their biostratigraphic applicability. The preparations used have been simple Canada Balsam mounts of the fraction of pelagic clays coarser than 62 microns, in some cases concentrated by "panning-off' the lighter particles (siphoning off lighter material while keeping it suspended in water by continuous motion). Recently, our collection of preparations has been significantly augmented by David C. Clegg, who has applied a method using heavy liquids and centrifuging developed by Jerry L. Matthews (personal communication) to concentrate fish debris from dated fossiliferous sediments. This preliminary investigation has provided some understanding of Cenozoic assemblages of fish skeletal debris in Pacific and Indian Ocean sediments.
At one of the drilling sites on Leg 7 (Site 66, at 2°23.63'N, 166°07.28'W; water depth 5295 meters), a sequence of clays containing no fossils other than fish debris was sampled intermittently between 148 and 187 meters below the sea floor. The next sample above this clay sequence is Middle Tertiary (at about 120 meters below the sea floor), and below it (at about 190 meters) were found Cretaceous radiolarians. It was therefore of interest to see if fish debris can be used to determine whether the otherwise nonfossiliferous clays are Paleogene or Cretaceous.
PACIFIC CENOZOIC FISH DEBRIS
The most common distinctive forms of fish skeletal debris found in marine sediments are teeth. For this reason we have studied the teeth most intensively, and the following discussion is confined to the teeth and one non-tooth structure. In order to discuss them it is necessary to introduce some morphological and structural terms.
Fish teeth are composed of essentially the same structural elements as are mammalian teeth, that is, enamel (not always present), modified dentine (which functions as does enamel in mammalian teeth), dentine, and a pulp cavity with nutritive tubules passing into the dentine. There is no true root since the teeth of fish are attached directly to the bones of the jaw (Plate 2, Figure 1 , included only to illustrate this relationship). The term "base" is used for the root-like structure often found still attached to the tooth proper (Peyer, 1968, p. 14) . (Figure 1 A-D, adapted from Dean, 1895, p. 24, fig. 20 .) A complete descriptive terminology has not been worked out, but will have to be adapted and extrapolated from previous works on both fish and mammalian teeth.
The characteristics used here to distinguish between forms of fish teeth are, in order of importance: modifications of the shape of the tooth and its relationship to the base, shape and extent of the pulp cavity, and the area covered by modified dentine and/or enamel.
Size is not a consistent factor because fish may have teeth of varying sizes, depending on: (1) the position in the mouth and, (2) the stage of development, not only of the fish itself, but also of the teeth during the various stages of the tooth-replacement process (Peyer, 1968, pp. 40,44) .
Tooth shapes may vary in a single fish according to their function and placement in the mouth (for example, whether in the upper or lower jaw). In addition, the teeth present in marine bottom sediments occur as separate entities, and cannot always be related to genera or species of fish. For these reasons, a system of classification should be used which will not conflict with the Linnaean classification should it ever be possible to relate tooth to fish. Therefore, the Ordo militaris, or "military classification", proposed by Croneis (1938) and based on the classical divisions of the Roman army, will be used eventually. In the present study, however, a temporary system utilizing letters for manipulus (= genus) and numbers for centurion (= species) is deemed sufficient.
Previously studied Pacific Cenozoic fish teeth assemblages were compared with those from the drill cores from Sites 7, 24 and 66. Since only two forms (types M and P-l, both rare) were found in the Cretaceous Site 24 material, this sample was not included in Table 1 . On examining this material, one general feature became immediately obvious. Many of the teeth in these samples exhibit modifications of the basic form that are more complicated, and more frequently involving the entire tooth, than the known Eocene and younger forms. A comparison of Plates 1 and 2 demonstrates this difference.
Plate 1 illustrates a few of the types of teeth found in Pacific Cenozoic sediments. Some of these forms appear to be stratigraphically significant: Type A (Plate 1, Figures 1 and 2) has been found in Middle Eocene to Lower Miocene sediments. A-2, showing a broadening nearer the tip than A-l, is the more common of the two. This seems to be one of the few Neogene types (perhaps the only one) which shows modification of the common, simple form in the upper part of the tooth. Most variations of the basic form occur in the lower one-half, and often only the bottom of the tooth is involved (see Plate 1, Figures 5 -7 and 11-15).
Type B (Plate 1, Figure 3) , with the barb below the tooth (apparently a modification of the base rather than of the tooth proper), may arise in the Lower Eocene; however, insufficient dated material of this age makes the time of this development uncertain. Type B occurs in Middle Eocene and Oligocene sediments, is much more common in the Lower Miocene, and seems to become extinct during or at the beginning of the Upper Miocene. Some centuria may prove to be quite restricted in age, but no serious attempt has been made as yet to divide the group on this level.
Type C-l (Plate 1, Figure 4 ), from the uppermost Eocene of the Pacific, appears to be related to type C-2 (Plate 2, Figure 7 ) from the Site 66 cores, primarily in the relationship of the tooth to its base and the appearance of the base itself with its obvious termination. C-l has not been found in the Oligocene through Lower Pliocene samples examined, and reappears in the Upper Pliocene, becoming extinct before the Quaternary.
All of the type D forms (Plate 1, Figures 5-7 and 11-15) exhibit the same characteristic narrow tip and broad base, extensive pulp cavity, and simple modifications confined to the lower end of the tooth. Figure 12 ) has a narrow tip, slightly curved edges, and smooth but abrupt termination on one side, with the other side probably extending along the base which, however, is usually missing so that the irregular broken end is all that is seen. Figure 10 ), apparently restricted to upper Upper Eocene through about Middle Oligocene, is characterized by a pulp cavity that extends about half way toward the tip and is somewhat constricted at the bottom, with the modified dentine not completely covering the dentine at the constriction, but curving away from the center to the bottom outer edge. A distinct line separates tooth from base, and the tooth is often found alone.
FISH DEBRIS IN THE DRILLED CORES

A. In Tertiary Cores Containing Other Microfossils
A preliminary survey of a few assemblages of fish debris in the Eocene, Oligocene and Miocene Leg 7 material indicates that the forms present are like those of the Pacific and Indian ocean cores discussed above. All of the forms illustrated in Plate 1 are present, except that type B is very rare and usually incomplete. Many types not illustrated but frequently encountered in other, widely distributed core material are also present, but the time-ranges of most of these have not yet been established.
B. In Cores 66-0-6, 66-0-7 and 66-0-8 at Site 66
Many of the teeth present in the otherwise nonfossiliferous clays of Site 66 (Plate 2) differ sufficiently from the known Cenozoic forms as to suggest that these clays are Paleocene or older. In fact, with the exception of typesC-2 (Plate 2, Figure 7 ), C-3 (Plate 2, Figure 13 ), C-4 (Plate 2, Figure 14) , and E (Plate 2, Figures 18 and  19) , and the unspecified form in Plate 2, Figure 1 , these forms have not been found elsewhere except in material from Leg 1 (7A-2-1, 7A-2-2, 7A-3-1 and 7A-3-2) which has been dated as Lower Paleocene by means of benthonic foraminifera (E.C. Milow, personal communication).
One form found at Site 66 (type E) ranges from at least Lower Paleocene (E-l, Plate 2, Figure 18 ) to approximately middle Tertiary (E-2b, Plate 1, Figure 9 ), but most of the other illustrated forms are more restricted in time. Type C is present in Paleocene through upper Tertiary material, but C-l seems to be the only centurion occurring above the Oligocene.
Type G (Plate 2, Figures 2, 3 and 4) , with spiral or subspiral ridges, and with small knobs on the tip in G-2 and G-3, has been found only in the Paleocene samples.
Type H (Plate 2, Figure 5 ) is known only from the Paleocene. A simple description, such as "tip pointed with a barb on one side of the base", would suggest a relationship to type B (Plate 1, Figure 3) . However, there is no distinction between tooth and base as in type B. The only point of similarity is the barb, and the two do not seem to be closely related.
Type J (Plate 2, Figure 6 ), with a shallowly bifurcated grooved tip, a small knob just below the tip, and a pulp cavity which terminates below the knob, is present in the Paleocene material but not higher. 2, Figures 8, 9 , 11 and 12) seem to be restricted to the Paleocene. Of the three, K and N, with their distinctive "wings", were found in Site 66 material but not in the dated Site 7A material. Type M (Plate 2, Figure 10 ) with its multiplaned surface, has representatives on the manipulus level in the Cretaceous (24A-1-1, Light), and probably into the late Tertiary since a few specimens of the same general configuration have been noted in post-Paleocene material.
Types K, L and N (Plate
Type P (Plate 2, Figures 15, 16 and 17) , with the thin flange-like edges of modified dentine that extend around the tip, is present in both the Cretaceous (24A-1-1, Light) and Paleocene. If there are representatives in younger material, as there may well be, the characteristic thin edge is no longer quite so prominent.
Another and very strong indication of a pre-Eocene age for the Site 66 clays is the presence in relatively large numbers of the ring-like form illustrated in Figures 20 through 25 on Plate 2. No structure at all like this has been seen in Eocene or younger core material, but a large number of individuals has been found in one of the Paleocene samples examined from Leg 1 (7A-3-1, 106 to 107 centimeters), with significant numbers also occurring in other Leg 1 samples (7A-2-1, 120 to 121 centimeters, 7A-2-2, 7 to 8 centimeters, and 7A-3-2, 70 to 71 centimeters).
POTENTIAL STRATIGRAPHIC APPLICABILITY
The preliminary results reported here indicate that the ubiquitous fish skeletal debris, especially the teeth, are a potentially useful tool for biostratigraphic interpretation of pelagic clays lacking calcareous and siliceous microfossils. In fact, one of the writers (P.B.H.) has already made such use of some of the forms discussed herein on pre-drilling site surveys with satisfactory results. Table 1 (for sample locations, see appendix) shows that some forms of fish teeth seem to have rather well-defined age-ranges, at least in tropical deep-sea sediments, and that assemblages are different in different parts of the Cenozoic. Also, the fish skeletal debris from Site 66, when compared with known Tertiary examples, provides strong evidence that the otherwise nonfossiliferous clays there are at least as old as Paleocene, and the fact that they are underlain by a probably Turonian-Cenomanian radiolarian assemblage means that they probably are not older than Upper Cretaceous.
